Phosphorylation site mutations in heterochromatin protein 1 (HP1) reduce or eliminate silencing activity.
HP1 is an essential heterochromatin-associated protein in Drosophila. HP1 has dosage-dependent effects on the silencing of euchromatic genes that are mislocalized to heterochromatin and is required for the normal expression of at least two heterochromatic genes. HP1 is multiply phosphorylated in vivo, and HP1 hyperphosphorylation is correlated with heterochromatin assembly during development. The purpose of this study was to test whether HP1 phosphorylation modifies biological activity and biochemical properties of HP1. To determine sites of HP1 phosphorylation in vivo and whether phosphorylation affects any biochemical properties of HP1, we expressed Drosophila HP1 in lepidopteran cultured cells using a recombinant baculovirus vector. Phosphopeptides were identified by matrix-assisted laser desorption ionization/time of flight mass spectroscopy; these peptides contain target sites for casein kinase II, protein tyrosine kinase, and PIM-1 kinase. Purified HP1 from bacterial (unphosphorylated) and lepidopteran (phosphorylated) cells has similar secondary structure. Phosphorylation has no effect on HP1 self-association but alters the DNA binding properties of HP1, suggesting that phosphorylation could differentially regulate HP1-dependent interactions. Serine-to-alanine and serine-to-glutamate substitutions at consensus protein kinase motifs resulted in reduction or loss of silencing activity of mutant HP1 in transgenic flies. These results suggest that dynamic phosphorylation/dephosphorylation regulates HP1 activity in heterochromatic silencing.